Post-traumatic stress disorder (PTSD) is a severe, disabling mental disorder that occurs in individuals who are exposed to traumatic events such as combat, severe physical or sexual assault, a serious accident, torture, sudden unexpected death of a loved one or natural disasters.
association (OR = 1.13, 95% CI 0.66-1.91) among former World War II prisoners of war. 12 The contradictory results in these two studies might be due to the small sample size, the cross-sectional study design and an ambiguous definition of PTSD diagnosis.
In this study we used a large sample size drawn from the Taiwan National Health Insurance Research Database and a longitudinal follow-up study design to investigate the temporal association between PTSD and stroke. We predicted that PTSD would increase the risk of developing stroke in later life.
Method
Taiwan's National Health Insurance, a mandatory universal health insurance programme, was implemented in 1995 and offers comprehensive medical care coverage to all Taiwanese residents. The National Health Research Institute (NHRI) is in charge of the entire insurance claims database, namely the National Health Insurance Research Database (NHIRD), which consists of healthcare data from more than 97% of the entire Taiwanese population (http://www.nhi.gov.tw/). The NHRI audits and releases the NHIRD for scientific and study purposes. Individual medical records included in the NHIRD are anonymous to protect patient privacy. Comprehensive information on insured individuals is included in the database, including demographic data, dates of clinical visits and disease diagnoses. The diagnostic codes used were based on the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM). 14 The NHIRD has been used extensively in many epidemiological studies in Taiwan. [15] [16] [17] [18] [19] Inclusion criteria Individuals aged 18 years or over who were identified as having newly diagnosed PTSD (ICD-9-CM codes 309.81) by
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Aims
To investigate the temporal association between PTSD and the development of stroke.
Method
Identified from the Taiwan National Health Insurance Research Database, 5217 individuals aged 518 years, with PTSD but with no history of stroke, and 20 868 age-and gender-matched controls were enrolled between 2002 and 2009, and followed up until the end of 2011 to identify the development of stroke.
Results
Individuals with PTSD had an increased risk of developing any stroke (hazard ratio (HR) 3.37, 95% CI 2.44-4.67) and ischaemic stroke (HR = 3.47, 95% CI 2.23-5.39) after adjusting for demographic data and medical comorbidities. Sensitivity tests showed consistent findings (any stroke HR = 3.02, 95% CI 2.13-4.28; ischaemic stroke HR = 2.89, 95% CI 1.79-4.66) after excluding the first year of observation.
Conclusions
Individuals with PTSD have an increased risk of developing any stroke and ischaemic stroke. Further studies are required to investigate the underlying mechanisms.
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board-certificated psychiatrists between 1 January 2002 and 31 December 2009, and who had no history of any stroke (ICD-9-CM codes 430-438) before enrolment, were included as the PTSD cohort. The time of PTSD diagnosis was defined as the time of enrolment. The age-and gender-matched (1:4) control cohort was randomly identified from among 1 000 000 individuals, after eliminating people who had been given a diagnosis of PTSD at any time and those with any stroke before enrolment. Diagnoses of any stroke (ICD-9-CM codes 430-438), ischaemic stroke (ICD-9-CM codes 433-435) and haemorrhagic stroke (ICD-9-CM codes 430-432) given by neurologists, neurosurgeons and emergency room doctors after the brain image examinations (computed tomography or magnetic resonance imaging) were identified during the follow-up (from enrolment to 31 December 2011 or death). Stroke-related medical comorbidities at enrolment and during the whole follow-up period (from enrolment to stroke onset or study end), including major depression, hypertension, dyslipidaemia, diabetes mellitus, renal disease, ischaemic heart disease, arrhythmia and head injury, were also identified in our study. In order to achieve diagnostic validity, the diagnoses of dyslipidaemia, diabetes mellitus, ischaemic heart disease and renal disease were given at least twice by corresponding physicians after laboratory examinations; the diagnosis of arrhythmia was given at least twice by corresponding physicians after examination of electrocardiograms; and the diagnosis of head injury was given at least twice by corresponding physicians after image examinations. However, major depression and hypertension were clinical diagnoses. So, patients with major depression diagnosed at least twice by psychiatrists and hypertension diagnosed at least twice by internal medicine doctors or family practitioners were included in our study. Level of urbanisation -from level 1 (most urbanised) to level 5 (least urbanised) -was also assessed for our study. 20 
Statistical analysis
For between-group comparisons the independent t-test was used for continuous variables and Pearson's chi-squared test for nominal variables, as appropriate. The Cox regression model was used to investigate the hazard ratio (HR) with 95% confidence interval of any stroke, ischaemic stroke and haemorrhagic stroke after adjusting for demographic data and medical comorbidities (at enrolment and during the whole follow-up) among patients with PTSD and the control group. Furthermore, we clarified whether the association between PTSD and the risk of stroke was consistent after we excluded patients who developed stroke shortly after the diagnosis of PTSD. Sensitivity analysis was performed to investigate the above associations after excluding the first year of observation. We also performed a subanalysis of the risk of any stroke, ischaemic stroke and haemorrhagic stroke with PTSD stratified by age groups: young adults (540 years), middle-aged adults (40-59 years) and older adults (60 years and over). A two-tailed P-value of 50.05 was considered statistically significant. All data processing and statistical analyses were performed with SPSS version 17 and SAS version 9.1 for Windows.
Results
In all, 5217 individuals with PTSD and 20 868 age-and gendermatched controls were enrolled in our study ( Table  2) . Stratified by age group, young, middle-aged and older adults all had a significantly higher rates of incidence of stroke than the control group: in young adults the incidence of any stroke was 1.21 v. 0.19 per 1000 person-years (P50.001), ischaemic stroke was 0.55 v. 0.05 per 1000 person-years (P50.001) and haemorrhagic stroke was 0.38 v. 0.12 per 1000 person-years (P50.001) compared with the control group; middle-aged adults had a higher incidence of any stroke (5.57 v. 1.24 per 1000 person-years, P50.001), ischaemic stroke (3.03 v. 0.83 per 1000 person-years, P50.001) and haemorrhagic stroke (0.53 v. 0.22 per 1000 person-years, P50.001) than the control group; older adults also had a higher incidence of any stroke (25.97 v. 9.15 per 1000 person-years, P50.001), ischaemic stroke (14.60 v. 4.30 per 1000 person-years, P50.001) and haemorrhagic stroke (1.25 v. 1.10 per 1000 personyears, P50.001) than the control group. Furthermore, compared with the control group, patients with PTSD had significantly higher prevalence rates at enrolment and during the whole follow-up period of major depression, hypertension, dyslipidaemia, diabetes mellitus, ischaemic heart disease, arrhythmia and head injury; for renal disease the difference was significant only at follow-up. Prevalence rates and probabilities are summarised in Table 3 .
The Cox regression model showed that PTSD increased the risk of developing any stroke (HR = 3.37, 95% CI 2.44-4.67) and ischaemic stroke (HR = 3.47, 95% CI 2.23-5.39) after adjusting for demographic data and medical comorbidities (at enrolment and during the whole follow-up) ( Tables 4 and 5 ). The crude hazard ratio of subsequent haemorrhagic stroke among patients with PTSD was significant (HR = 2.34, 95% CI 1.21-4.52), but the significance disappeared after adjusting for demographic data and medical comorbidities (HR = 1.35, 95% CI 0.54-3.37). Furthermore, the comorbidities of major depression (HR = 2.22, 95% CI 1.22-4.06), hypertension (HR = 2.04, 95% CI 1.35-3.09) and dyslipidaemia (HR = 1.58, 95% CI 1.04-2.41) were associated with an increased risk of developing all stroke ( (Table 5 ). Sensitivity analysis after excluding the first year of observation had consistent findings ( 22 Compatible with these epidemiological findings, our results also demonstrated that individuals with PTSD had a greater prevalence of hypertension, dyslipidaemia, arrhythmia, diabetes mellitus and ischaemic heart disease than those without the disorder. The issues of metabolic syndrome and related complications among individuals with PTSD have gained both public health and clinical attention in recent decades, but in contrast to the well-investigated relationship between PTSD and cardiovascular disease, the relationship between PTSD and stroke is still unclear. [10] [11] [12] [13] As mentioned in the introduction, the cross-sectional study by Spitzer et al and the longitudinal follow-up study by Page & Brass had conflicting results. 12, 13 The former suggested a significant association between PTSD and stroke, but the latter failed to replicate this finding. In our study, after adjusting for demographic data, cardiovascular comorbidities and other medical diseases, we found a significant association between PTSD and any stroke as well as ischaemic stroke. This finding remained robust and consistent even after excluding the first year of observation. This increased risk of 304 developing any stroke and ischaemic stroke was especially observed among young adults with PTSD.
Mechanism of increased risk
Several hypotheses may explain this association between PTSD and stroke, including dysregulation of the hypothalamic-pituitaryadrenal (HPA) axis, sympathetic adrenal medullary dysfunction, neurochemical dysregulation and endothelial dysfunction. 6, 21, 24, 25 Research examining the neurophysiology of PTSD has indicated that a crucial feature of the disorder is the altered regulation of stress hormone release by both the HPA axis and the sympathetic adrenal medullary system, including corticotropin-releasing hormone, corticosteroid and catecholamine. 6, 21, 24, 25 Individuals with PTSD exhibited a paradoxical phenomenon of low levels of plasma and urinary cortisol and elevated levels of corticotropinreleasing hormone. This phenomenon owing to the increased sensitivity of the HPA axis to negative feedback may result in a dysregulated immune state, dysregulation of lipid and glucose metabolism, and altered brain function. 24, 26 Previous studies demonstrated that higher levels of proinflammatory cytokines, including tumour necrosis factor a and interleukins IL-6 and IL-1b, appeared in individuals with PTSD compared with the controls, and were positively correlated with duration of PTSD symptoms. 27, 28 The PTSD-related dysregulated secretions of proinflammatory cytokines had more far-reaching effects, such as accelerated injury to the vascular endothelium and ultimately the development of cardiovascular disease. 24, 27, 28 Another important factor related to the cardiovascular and cerebrovascular risks was the perturbation in autonomic nervous activity, namely enhanced sympathetic and diminished parasympathetic functions. 5, 6, 23, 24 Yehuda et al found that individuals with PTSD had significantly higher levels of dopamine, noradrenaline (norepinephrine) and adrenaline (epinephrine) in their 24 h urine analysis than the controls, and suggested that levels of dopamine and noradrenaline were significantly correlated with severity of PTSD symptoms. 29 Dikanoviae et al further reported an association between elevated levels of 24 h vanillylmandelic acid (an adrenaline and noradrenaline metabolite) and increased values of mean blood flow velocity and vasospasm in the circle of Willis vasculature among individuals with PTSD. 30 The imbalance in autonomic activity resulting in elevated catecholamine levels, increased resting heart rate, higher blood pressure and reduced cardiac vagal tone would increase the risk of cardiovascular and cerebrovascular disease. 24 Finally, individuals with PTSD may be more susceptible to vascular endothelial injuries.
5,6,23, 24 Ahmadi et al calculated the coronary artery calcium score (a measure of atherosclerotic risk) of 637 people in an elderly veterans sample, and found that the scores were positively correlated with PTSD symptoms and that PTSD was an independent predictor of the presence of atherosclerotic coronary artery disease. 31 Von Kanel et al further showed that PTSD symptoms were correlated significantly and positively with the markers of endothelial dysfunction (i.e. soluble tissue factor and von Willebrand factor). 32 Combining the above evidence, it can be seen that PTSD may increase the risk of cerebrovascular diseases through disrupted regulation of the HPA axis and autonomic nervous system, increased secretion of proinflammatory cytokines, endothelial dysfunction and related coagulopathy, and insulin resistance. 24 Our results indicated that PTSD was associated with an increased risk of developing any stroke and ischaemic stroke after adjusting for demographic data and stroke-related medical comorbidities. Further studies would be required to validate this finding and clarify the pathophysiology underlying PTSD and stroke.
No previous study had investigated the relationship between PTSD and subsequent haemorrhagic stroke, and the risk of such stroke among patients with PTSD was still unknown. In our study, the crude hazard ratio of haemorrhagic stroke among patients with PTSD was statistically significant, but this significance disappeared after adjusting for medical comorbidities. It may indicate that the association between PTSD and haemorrhagic stroke was indirectly due to other medical comorbidities, such as hypertension and head injury. However, further studies would be required to elucidate this possible association between PTSD and haemorrhagic stroke.
Finally, we found that young adults with PTSD had even a higher hazard ratio of developing any stroke and ischaemic stroke than the elderly group with PTSD. Previous studies also suggested that the incidence of stroke among young adults was much lower than the incidence among older people. It may explain the reason why the adjusted HR decreased with age groups in our sample. Further studies may be required to validate the association between young patients with PTSD and subsequent stroke, and investigate the possible underlying mechanisms.
Study limitations
Some limitations should be addressed here. First, the incidence of stroke may have been underestimated because only individuals who sought medical help were enrolled. However, the individuals enrolled in our study had board-certified physician diagnoses, yielding better diagnostic validity. Second, the NHIRD did not provide information about the severity of PTSD symptoms so we could not investigate the association between PTSD severity and the risk of stroke; further clinical studies would be required to clarify this association. Third, the NHIRD did not provide information about the previous history of PTSD. False negatives in the control group may exist, although we excluded everyone who had been given a diagnosis of PTSD at any time from the control group. Fourth, the NHIRD did not provide information such as smoking history, details of traumatic events, family history, personal lifestyle and environmental factors. Without this information, we were unable to examine their influence.
Study implications
Our results supported the idea that PTSD is associated with an elevated risk of developing any stroke and ischaemic stroke in later life after adjusting for demographic data and medical comorbidities. Further studies are required to investigate the underlying pathophysiology relating PTSD and stroke.
